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THE USE OF ALFALFA CUBES AS PARTIAL REPLACEMENT FOR 
CONVE TIONAL ROUGHAGES AND PROTEIN SOURCES 

M. Hadjipanayiotou and S. Economides 

UMMARY 

In most Medit rranean countries domestically produced forage is not readil availa
ble dUling elry years. A· a result, pelleted or cubed alfalfa of high denity is imported. 
Two trials using 48 lactating Chios ewes (59±7.6 day in milk) and 18 ri sian cows 
(75±50 days in milk) were carried out to study the effect of partial r placement of long 
barley straw with alfalfa cubes (3.2x3.2x2.6 cm) in isonitrogenous and isofibrou5 diets, 
on milk yield and milk composition. There was no difference (P>O.I) between tl'eat
ments for milk yield (Cows: control 20.9, cubes 21.2; Ewe ': 1.73, cubes 1.66 kglhead/ 
day), fat corrected milk yield, milk composition and initial and final body weight of the 
animals. II cows on alfalfa cubes showed mild bloat ymptoms during th first 16 
days of the experiment, which weI' restrict d to four animals later on. There was 110 

diff rence hetween diets in rumen ammonja-N concentration, but there was a trend 
P<0.08) towards lower rumina] pH in ewes on cubes compared La the control group. 

Based on the findings of the present study it can be concluded that in dry years, imp0l1
cd alfalfa cubes can be used as partial r plac ment (or scarce domestic roughag 'and 
of imported protein sources, but the introduction of cubes should be gradual (over a p 
riod of 7 to 10 days), and b proceeded by of long forage to eliminate adverse effects 
due to bloat. 

fiEPIAH'II" 

Inc; lTEQLOOOUO€e; MwoY€Lax£c; XWQcC:, OE lTEQLOOOUC; ~1l(!aoLac;, JWQa-cllQ€LwL 
000<1. Q1'1 tHcL"Vll XOVOQOELOWV TQOq;cuv ~lC CfJtOT£AEO~lall XUTTU(!LVll va O.JWTE/d:l TO 
mo oaJtavllQO ouownxo TOU OLTllQ£OLou. XOVC>QOELOELC; TQoq;£e; ELoayovrm aJto TO 
~WTEQLXO Of: ~tOQq:)ll xu0wv (XU0OL 5 ~ 9 mOl) ~ OU~.JtTjXT(i)V (3.2 x 3.2 x 6.0 em) JtOlJ 

£xouv ~1l:ya/..:ll1£Qll (330 kg./m3) JtUXVOTllW xm xalJ,llAoTEQa uno TOUe; onvous xoow 
~tE'W'(POQ6. . Il:llV EQynoLa a lI't~ XQlloL~lonOL~81lxav 18 yUAaxTOcpoQES o.YEM6Ee; HIe; 
<PQLaAaVOLKns Cj:)'uh]s (TIELQalJ,a 1) xm 48 XLwnxES JtQ00a-cLvES (llELQalJ,a 2). Tct 
t.wa TOU xa8E €LOOlJe; XWQLoTlllWV IJ,E 0aoll Tll yaAaxTOJto.Qayw"ll TO C; OE b1'10 
OfWI.O~lOQcpE; o~lMEC; xm XaTavEIJ,~e11X((V Twal.o. OTO p.uQTlJQa (oWtJtlJXVC()~l£VO 
~lLYlJ,a '\jJl1A~S lTEQLExnXOTljTac; OE JtQwu'Cvl1, 19.6% 0111 sllQ~ ouaLa, auv 5 X"'A.Y 
aXlJQo xQL8aQLOu) xal T1'] OOXllJ,~ (Oll~U1U;~VW~l£VO IJ,L'YlJ.o. xalJ,l1/,~C; lTEQLcxnXOT1']WC; 
OE JtQulTc'LVl1, 15. % aTll S1']Q~ ouoLa, auv aUpJT11XW 1J,1l6Lx11C;). ITll OOXLIJ,~, EYLVE 
avnxa-caawall 3 X"'A.Y CtXUQOlJ fiE 5 XI,y (JlJ!JJTllXTWV. Iw 1;,wa xm TWV <'>'00 aLH1QE
oLwv 11 EVEQYELet, JtQWTc'CV!'J xm XlJTTClQLVll ~wv ll.Va"'A.0Yll IJ,E ue; CtVayxEC; OUVT~QTj
all; xm JtaQaywy1ls. !lEV lJJtllQSE oLClcpoQa IJ,ETa'!;u TWV ouo aLHjQ£OLwv, OT'IlV 0"'A.lx11 
ya"'A.CtXToJtaQCt'Ywyrl, "'A.LJtoS, nQo.nt"tvll, I,mnosll xm o"'A.Lxa oTEQEa 10lJ y(X"'A.a.,{10C; TWV 
l;,wwv ow Mo OLTllQ£CJlCX. IIuQaTllQ1l8llXE xanow Taall XUfJll"'A.6TEQOlJ pH ons JtQO
fknLw:; rrou £JWlQvav aU~lJfl1xw ~tllOlX~S. H oLaOJwanxOTTjW TllS ITQWTc'CVllS TWV 
ou~ur:llxTWV ilwv 64% xm Lall pE 6WOOLElJlJ,£VES tL~LEC; yLet 06'yLa. (65%) ycyOVOS nOlJ 
ESl1YEL xm TllV LOll auyx£vTQwOll a~qJ.wvLCtS Otll IJ,Eyc't"'A.ll xOL"'A.La nllV JtQof3a-cLvwv aw 
6'00 OltTjQtOLCt. OAES OL a.yE"'A.abEC; JtOll Jt~Q(Jv alJ~JtllXw JtaQouaLaaav OWtJHeDlJ,aW 
TUIJ,ITavLOIJ,OU ue; JtQWTC; 16 llIJ,EQEC;, EVW flETtlTELW ° tUIJ.JtaVLOIJ,O; lTEQLoQLauixE 
IJ,OVO OE 4 aYE"'A.aoEC;. ME !VW!'J W mo Jtavel) a;r: Tc"'A.E0~law OlJlJ,JtEQaLvnm JtWS w 
OUIJ,ITllXW lDtoQouv va XQ!'JOLlJ,oITOL1180UV aav ~tEQLXO uITOxa-caawTO TOU axuQou 
xQLtlllS xm aoywc;. AaIJ,0avovta.; O~lCJ)C; urro'\jJl1 w; JL£QLJtTlllaw; TU[JITaVLOIJ,OU JtOlJ 
JtaQOlJOlaaTllxav Lvm XCLAO ta alJ~utllXTa va oL60vtm aWOwxa xm va axo"'A. lJ
eOUv tl1 XOQrlY1l011 axuQolJ rl oavo-u Ol1lJ,l1TQLaxwv. ME ~a011 tl1 P.EOl1 np.rl tWV ElCJa
YO~ltV(I)V alJ~lJtl1xlCJ)V (£IOO/T) xm tll naQCtycuyLXOtllTa tCJ)V twwv cpaLVOVTaL JEW; 11 
XQllalll:CJ)V Oll~lJtl1XTCJ)V ELvm OLxovop.Lxa fhc00LIJ,11 OTaV to aXlJQo ulJ,atm an<; £60/t 
(oUV(-)~XES SllOwV XQovwv) xmll tLV~ tllC; 00YLaS ELvm JtCQl.rrOlJ £ 170/t. 
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INTRODUCT ON 

Provi ion of adequate fibre is imp Itant to 
balance rations for ruminant '. To maintain 
healthy mmjnal function and to avoid milk 
fat depression, the NRC (1989) r comm nds 
a minimum of 25 to 28% fibre. measured as 

eutra Detergent Fibre (NDF), with 750/< of 
the total dietary NDF being supplied by for
ages. For diets that contain nonJorage fibre 
,ource and minimal forage, dietary concen
tration of forage NDF, and particularly th 
particle ize of the remaining dietary f rage, 
are crucial for 'timulating rumination (Grant, 
1997), because most nonforage sources do 
not stimulate chewing as eff ctively as long 
forage. Mertens (1997) reported that chop
ping forages throug.h 40 mm mesh-screen' 
r c1uce chewing activity to 80% of the un
chopp d original materiaL whereas grinding 
of forage may reduce chewing activity to 20 
to 60% of that of long forage. 

During dry years in mo, t Mediterranean 
counlries dome 'tically produced forage is 
not readily available. Much of the rorag i' 
imported and, consequ ntly, fibre is the most 
expensive component of dairy cow diets. Im
ported forage is pelleted or cubed to increase 
density and reduce shipping costs. However 
the cubing and pelleting pr ce s red ces for
age parti Ie size. which r duce' the time that 
<: nimals pend chewing (M rten , 1997), in
crea e ruminal acidity (Klusmeyer et al., 
1990), which is associated with, nimals go
ing of feed (Eriksson et al., 1968), d pre ses 
fibre digestion (Whiting et 01., 1976). in
crease rate of particulate pas age from the 
reti ulo rumen (Rode and Satter, 1988), and 
may re ult in milk fat depression (Klusme er 
et at., 1990). The obj ctive of the present 
work was to st dy the effect of partial re
placement of long barley straw by imported 
alfalfa cubes on milk yield. milk composi
tion, rumina! pH and ammonia-N in isoni
trogenous and i ofibrous diet' f d to lactat
ing Frie ian cows and Chios ewes. 

MATERIALS AND METHODS 

Two trials using lactating Chio. ewe. and 
Friesian cows were caJ.Tied out to . hIdy the 
effect of partial replacement of long barley 
straw with alfalfa cubes in isonitrogenous 
and isofibrous diets, on their milk yi ld and 

composition. Alfalfa cubes me, ured 
3,2x3.2x6 em and were made from 5 cm
long d hydrated alfalfa slices. Samples of 
feeds offered weI' collected routinely. com
posited, and analyzed in triplicat for DM, 
OM, CP, CFi ADF. NDF and ADL (Han'is, 
1970). In vitro digestibility of organic matter 
in the dry matter (D) of the roughages was 
detenllined folJowing the procedure of Tilley 
and Teny (1963) as modifi d by O'She, and 
Wilson (] 965). In both trials. animals had 
free ace ,s to water. 

Rumen degradability of OM. OM and CP 
of alfalfa cubes was measur d using three 
Chio ewes (average weight 65 kg) filt d 
wilh permanent mmen cannulae. Fi'tulated 
animal. were kept in illdi idual p n with 
concrete floors bedded with wood shavings; 
they were fed (g/animal/day) on 500 co en
trate. 250 barley hay and 250 lucerne hay. 
Cubes were incubated for 2. 5, 8, 24 and 48 
h in nylon bag, (three bag /incubation inter
val) in the rumen of the animals a outlined 
by Hadjipanayiotou et al. (1988). amples 
were analyzed for DM, OM and CP beror 
and after incubation. The m an of the three 
bags per incubation interval was used for 
calculations (Or kov ancl McDonald. 1979). 
Processing and handling of the ample be
fore and after incubalion wa as outl ined by 
Hadjipan yiotou et af. (1988). 

Cows. Eighteen riesian cows (75 ± 50 days 
in milk) were used. They were stratified 
based on individual mil yield. and random
ly allocated to ei her the control ( ') or the 
alfalfa cube. (A) group. Animal on the C 
diet were [("ered 5 kg of long barle straw 
along with a concentrate mixture high (Hc) 
in CP content (Table!); animals in group A 
were offered 2 kg straw and 5 kg alfalfa 
cubes alo g with a concentrate mixture of 
low (Lc) CP e nlent (Tabl 1). The two 
groups ere hou ed in two adjacent open
yard pens with adequate shaded area. 
Roughaoes were feci in groups, and concen
trates individually in ive equal meals daily 
via a comp terized feeding system at regular 
inter al throughout the day: any re idues 
were offered in a 6th meal. The concentrate 
feed allowance intended to cover the remain
ing, in addition to nutrients supplied by the 
roll~hage, maintenance, growth (first and 
seco d lactation ows). and milk production 
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Table 1. Composition (kg/t) of concentrate mixtures fed to lactating Tiesian cows and Chios ewes on two 
treatment di 'ts 

ow. Ewes 

oncentrate High Low High Low 

Rolled barley
 
Soybean meal
 
Wheat brcill
 
Dicalcium phosphate
 
Lime ·tone
 
Salt
 
Vitamin trace element mixture+
 

738 728 758 855 
190 lOa 170 n 
50 so so 50 

2.5 2.5 3.0 30 
14 14 13 13 

3.5 3.5 4 4 
2 ') 2 2 

+ he vitamin-trac > elel :lenl mixtur upplied 6000 [U vitamin .1000 LU. vitamin D,. 8.5 1. . vitamin E. 
23 mg Mn, 1.75 mg 1. 45 mg Zn. 30 mg Fe, 2 mg Co and 60 mg Mg per kg conceiJtrate mixture (as fed 
hasisl. The premix used for cows supplied also and 8 mg Cu. 

requir me ts ( RC 1989) wer adjusted 
once every fortnight based on body weighl 
(BW) at lh beginning of the trial ancl on fat
corrected milk yi ld of the previous fort
night. Body wight of the cows was record d 
on two cOII:-.ecutive days at the beginning 
and at the end f the 63-day trial. lndividuaJ 
milk yield. w re r corded daily. Milk sam
ples weI' analyzed for fat and protein 
(MAFF. 1973) once every fortnight. Data 
were analyz d lIsing a general linear model 
procedure (SAS, 1(89) that accounted for 
trea ment ( antral or Cub s), lactati n num
ber (1. 2 or 3), treatment by lactation numb r 
interaction and days in milk as covarial". 

Ewes. Forl.y eight Chios ewes at 59 ± 7.6 
day in milk were used. They were paired 
based on indivi.dual milk yi ld, and random
ly allocated to eith r the control or the alfalfa 
cubes group. The two groups were housed in 
two adjac nt pens. Ewes on the control 
group wer offer d 0.76 kg of long barley 
straw plus a concentrate mixture of high 
(He) CP content (Table I) to meet their re
quirements for maintenance (0.401 MJ MEl 
kg WIJ7.1) and milk yield (Economides, 1986). 
Di tary ME MJ per kg of mjlk was e timated 
from the equation Y=(( 1.94 + 0.43X)/0.62), 
wh r' X is fat p ITentage and 0.62 the effi
ciency of utilization of di tary ME for milk 
yield. Ewes were machine milked at 07.00 
and 14.30 h. Individual n ilk ield.· were re
cord d twice a wee on two cons"cutive 
days during the 50-day experirn ntal period, 

Milk samples wee analyzed for fat, lactose, 
total solids and CP (MAFF, 197_) four time 
through the trial. Ewes were \\.'eighed on two 
con. cutivc days al th beginning aIlL! at the 
end of the trial. Ewe performance dara \-\Jere 
an lyzed using a g neral linear model proce
dure (SAS, 1989) that accounted for treat
ment (control or alfalfa cub s), laclation 
number (2, 3, 4, 5, 6, 7, 9), tratment by lac
tation number interaction and initial milk 
yield as covariate. 

RESULTS 

The chemical camp sitian of concen
trates and r ughages is in Table 2. The effec
tive DM, OM and CP degradabilily of a1falf' 
cubes at 5% outflow rate were 50, 46 and 
64%, respectively. There was no difference 
either in the mean group intake of CFi, NDF 
and OF intake or in the conccntrati n of 
the two tolal diets. Data fran one cow and 
one ew on the control group were xcluded 
from the analy'i because of mastitis, which 
was not associated with dietary err cts. All 
cows on alfalfa eubes showed mild bloat 
symptoms during the fir. t 16 days of the ex
periment. Lat r on, bloat signs were restrict
ed to 4 cow., but one of them show d a seri
ous bloat problem and was punch d with 
trocar. 

Data on the performance of lactating Chi
as ewes and Friesian cows are in Table 3. 
There was no difference (P>O.I) betwe 11 

treatments for milk yield, fat coneeted milk 
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Table 2. Chemjcal composition (g/kg DM) of concentrate mixtures and roughage· used in the two trials 

DM OM CP CFi ADF ND ADL D 

Cow trial 
Cone ntrate (High) 887 960 196 54 72 196 10 868 
Concentrate (Low) 886 960 156 40 72 202 11 843 
Barley straw 900 926 39 394 504 802 47 42l 

[falfa cubes 890 886 170 274 347 428 72 563 
Ewe trial 
Concentrate (High) 880 950 179 59 75 231 20 ND 
Concentrate (Low) 875 947 141 49 66 233 26 D 
Barley traw 897 946 48 390 451 759 50 405 

[falra cubes 879 882 179 270 357 452 82 555 

D= not det rmined. 

Table 3. The effect of feeding alfalfa cubes un the lactation performance of Friesian cows ami Chios ewes 

Cows 'we, 

Treatment Control Cubes SD COlltrol Cubes SO 

No. of animals 

Milk yield (kg/day) 
FC (49,,) yield (kg/day) 

Milk composition (g/kg) 

Fat 

Crude protcin 

Lactose 

Total solids 
Rumen N11 3-N (mg/I OOml) 

Rumen pH 
Feed intake (kg as fed basis/head/day) 

Concelllratc 
AI falfa cubes 

8 
2087 
2102 

404 
32.3 

1381 

9 
2120 
2014 

37.3 
309 

11.44 
5.0 

346 
2.64 

5.39 
147 

136 

23 
1.73 

640 
570 
51.0 
181 
24 
6.7 

J98 

24 
1.66 

670 
570 
51.0 
181 
22 
65 

180 
0.61 

040 

7.7 
3.2 
2.1 
9.1 
6.3 
028 

traw 

CFi intake (g/h/day) 

AD intake (g/h/day) 

NDF intake (g/Il/day) 
Initial BWT (kg) 

Final BWT (kg) 

BWT change (g/day) 

5.0 
2417(144) 
31 IO( 186) 
5978(357) 

556 
555 
-19 

20 
2648(161) 
3594(219) 
6139(374) 

559 
544 
-24 

476 
38.7 

269 

0.68 
340( 145) 
405( 173) 
866(370) 

665 
690 
51 

039 
361(147) 
456( 185) 
882(359) 

66.9 
688 
40 

5.65 
676 
90( 

Values in parenthesis arc concentrations (glkg DM); BWT= body weigh!. 

yield milk comp sition and initial and final 
weighl of the animals. The lactation curves 
of cows and ewe' on the two treatment 
group, (Fi T. Land 2) show that response to 
treatment was, imilar throughout the xpcli
menlS, and the signs of bloat mo. t lik Iy did 

con
wards 
compa

centrat
I wer 
red to 

ion, 
fum

the c

OJ 

but there was a 
in 1 pH in ewe 
ontrol group. 

CUSSIO 

t
on 
rend to

cube 

not seriously affect milk yield. There was no Although rougha e is acc pted generally 
difference b tween diet in rumen an monia- as r clueing the degree of bloat, alfalfa hay is 
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\
 

-:-alflalfa 

---straw 

17 

Week on test 
Figure 1. Daily milk yield of cows f don isonitrogenous diets with either alfalf:l cubes or barley straw, 

considere by feedl t operators to be a bloat
pro ocative roughage (Clarke and Reid. 
1974). Frequ nt incidence of bloat symptoms 

as not d in cows on the alfalfa cube tr at
nt in agr ement with Howarth et al. 

( 1986) ho indeed, reporte that the u erior 
nutritive value of lucerne i re u e by fre
quent and often se ere bloat. The present 
findings sho ed that alfalfa cubes can be 
u d as partial replacement for long barley 
. t:raw. The incidence of bloat however. 
hould not b verlooked, and cows h uld 

be gradually adju ted to cube . lnter- pecies 
dif~ rences in bloat occurrence observed in 
the present study. agree with the conclusion 
of CIar e and Reid (] 972) that alth ugh 
bloat may occur aloin 'heep. it i. pr domi
nantly a di order f cattle. 

Several experiments reveal that the pro
t in in alfalfa is utilized inefficien ly by lac
tatin cows. Cow produced less protein and 

lilk with depress d protein content wh n 
fed alfalfa silage or hay than when fed isoni
trogenous diet based on corn silage and soy
be n meal (Brodelick. 1985). The lower pro
tein value of alfalfa has been a cribed to 
. us eptibility to degr dation in the rumen. In 
the pre'ent ,tudy, nitrogen in al alfa cube 
was utilize as efficientl as that of the con
trol diet ( tr w plus soybean meal): the latter 
can be ascribed to an increa e in the net es
cape of dietary protein due to heat of alfalf 
prior to cubing. The effecti CP degradabil
it alues of cubes (64% at 5o/c outtlo rate) 
used in the present studies were lower than 
th se previou Iy rep 11ed (NRC 1 89) for 
alfalfa hay (72%) and, ilage (77%) and clo e 
to alues for oybean meal (65%) reported 
by the me ag cy: the latter i in accor
oance with the same level of nlmen amm 
nia-N and the absence of differences in milk 

ield and milk protein content in the two 
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2.8 

2.6 

2.4->. 
ta 
~ 2.2 
g) 

JIl:- 2"'C 
Q;
 
';'

:!: 1.8
 

:E
 
1.6 

1.4 

1.2 

1 

-:-CONTROL 

--Alf1Ilfa 

0 1 2 3 6 6 7 

Week on test 

Figure 2. Daily milk yieid of ewe, reel on isonitrogenolls diets with either alfalfa cube", or barley straw. 

diets. 
Beall hemin and Rode (1997) srated that 

the optimal NDF concentration depe ds on 
the milk yield potentia of cows; 4% fat cor
rected mjlk yield ( eM) wa, maximal at 
36% NDF for cows in late lactation that 
yielded around 20 kglday, but 32°;( NDF op
timiLed FCM yield for cows that yielded 30 
kglday in early lactation. The concentratjon 
of NDF (around 36%) in the present tudi 5, 

therefore, was optimal for both treatm nts, 
and the animal could attain their maximum 
potential. Ow' findings agree with those of 
Poore etal. (1991) where dry matter intake 
and actual and fat correct d milk yield wer 
not infll1en 'ed by forage NDF source. Circa 
60 and 68% of the dietary NDF wa supplied 
by forage in the control and the cube diet re
spectively, wh'ch ar lower than those (750/1) 
recommended by NRC (198 ). 

General y, total chewing time decreases 
as dietary forage DF or parLi Ie size de
creases. Howe er, in some instances, rumi
nation per unit of f rage NDF intake in
creased when the dietary NDF concentration 
and forage particle i.le were reduced. This 
has been asclibed to an adaptive mechanism, 
whereby cows ruminate more effectively 
(more chews per kg of forage NDF intake) 
under conditions leading to less eh wing ac
tivity (Grant, 1997). The latter might explai 
the non significant difference in mmen pH 
between the two diets in the present work. 

The present studjes, in Line with oth r , 
have d man trated that it is physiologically 
feasible to feed alfal a cubes as partial re
placement for long forages and protein sup
pLem -1118. With a mean price f r alfalfa 
cubes of £ IDOlt, and prices fOf different feed 
ingredients and milk presented in Table 4, 
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Table 4. Economic analysis of the data for lactating Friesian cows offered dehydrated alfalfa cube (A) or a 
conventional (C) diet 

Price of, oyabeall meal (fit) 

Pri e of barl y grain (fit) 

Price of straw (fit) 
Feed costs (f/cow/day) 
Control 
Cubes 
Returns abo e feed costs 
£/cow/day) 

Control 
ub ~ 

130 170 180 

45 80 45 80 ;1 .c 
~- .J 80 

30 60 30 60 30 60 30 60 30 60 30 60 

0.88 1.03 1.17 1.32 1.13 1.28 1.49 1.64 U6 131 1.52 1.67 
120 1.26 1.53 1.59 1.25 1.31 1.58 1.64 1.26 1.32 1.59 1.65 

2.77 2.62 2.48 2.33 2.52 2.37 2.16 2.01 2.49 2.34 2.14 1.99 
251 2.45 2.18 2.12 2.46 2.40 2.13 2.07 2.45 2. 9 2.12 2.06 

Price ([It) of cow milk and of other individual feed ingredients: cow milk 175; wheat bran 60; urea 124: 
dicakium phosphate 207; limestone 22; salt 0; vitamin lface element mixture 802. 

the use of alfalfa cubes can be economically 
jus ified only if the price of straw is £60/t 
and that of soybean meal (45% CP as fed ba
sis) around £170/1. 
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